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INTRODUCTION 
Culture exudates of mycorrhizal partners of pine have been shown 
to influence branch root number and morphology when added to cultures of 
excised pine roots (Slankis, 1948; Turner, 1962). It was also demonstra­
ted that certain concentrations of indoleacetic acid (lAA) induced simi­
lar effects on the excised roots (Barnes and Naylor, 1959b; Slankis, 
1949). Ulrich (1960a) found that pine mycorrhizal fungi were capable of 
producing measurable quantities of lAA in culture. Those fungi which 
have been reported to form the swollen dichotomous branching system with 
pine were able to synthesize lAA in measurable amounts without added 
tryptophan, a precursor of lAA. 
The work with exudates of mycorrhizal fungi and their effects on 
growth of excised roots has been limited to coniferous species. Whether 
the same effects occur with woody angiosperms has not been determined. 
The purpose of this investigation was three-fold: first, to deter­
mine the influence of exudates of known mycorrhizal partners of white 
oak, Quercus alba L., on the growth of excised roots of white oak; second, 
to ascertain if these fungi, like those associated with pine, produce lAA 
in culture without added tryptophan; finally, to compare the effects of 
exudates of Armillaria meIlea (Vahl.) Quel, with those of the mycorrhizal 
fungi to establish if this organism possesses any properties of mycor­
rhizal fungi. 
The nature of the relationship of A. mellea and oak, Quercus spp., 
is quite complex. The organism is frequently found in stands of oak 
having no apparent effect on the trees. Should the trees be weakened by 
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some factor, biotic or environmental, the fungus possesses the means to 
become parasitic on the trees (Day, 1929). Does the weakened condition 
of the tree enable the fungus to penetrate the root system and ensue its 
parasitiù role? Or, is the fungus already present in the root system, 
held in check by some metabolic factor, and then triggered to pathogen­
icity by a weakened tree condition? 
The presence of an internal control mechanism to A. meIlea has been 
demonstrated in two orchid species. The fungus enters into a symbiotic 
relationship with Gastrodia elata Bl. (Kusano, 1911) and Galeola septen-
trionalis Reichenb. f, (Hamada, 1940) forming a mycorrhizal association. 
The fungus initially parasitizes the dormant tuber. As the growth of the 
shoot proceeds the fungus is kept in control by digestion of the penetrat­
ing hyphae. 
It is possible that a similar condition exists between A. mellea and 
oak species. It was demonstrated that the fungus is capable of penetrat­
ing uninjured roots of healthy oak seedlings (Irvine, 1961; Varghese, 
1960), Defoliation of the seedlings occurred initially but new shoots 
were produced and the.seedlings never succumbed to the organism. The 
conditions of the experiment were highly artificial and extremely in 
favor of the fungus. It is possible that under field conditions a my­
corrhizal association is established between these two organisms with 
the fungus having the ability to become pathogenic should the proper 
conditions arise. 
White oak was chosen for this study for several reasons. Roots of 
this organism have been grown in culture for a limited period of time 
(Wargo, 1964). Fungal species shown to form mycorrhizae with white oak 
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and induce the typical dichotomous branching effect have been identified 
(Howe, 1964). Exploration of the fungal populations within white oak 
stands in Iowa has revealed basidiocarps of A. meIlea in the presence of 
vigorous living trees (Howe, 1964). . Rhizomorphs and hyphae, originating 
from the basidiocarps of this fungus, were observed in association with 
mycorrhizal structures of white oak. 
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LITERATURE REVIEW 
Since the initial description of the root-fungus relationship, named 
mycorryizae (Frank, 1885), extensive investigations have been conducted 
to determine the intricacies and consequences of such a relationship. 
Results indicate that the higher plant partner can benefit from the as­
sociation because of an increased absorption area of the root system 
(Hatch, 1937), increased drought resistance (Cromer, 1935), or a greater 
exchange capacity of hydrogen ions (Routien and Dawson, 1943). 
Mechanics of the association of fungus and root presents a more dif­
ficult problem. How the union comes to be remains for the most part un­
answered. Recent evidence shows that exudates released by the roots and 
fungal hyphae may play an important role in initiating the symbiotic 
condition. Information on the role of higher plant metabolities is 
limited. However, recent work with mycorrhizal fungi indicates that 
auxins may play a major role in the initiation and subsequent morphology 
of the mycorrhizae (Slankis, 1958). 
Cytochemical work with mycorrhizae of pine showed auxin in abundant 
quantities in the hyphae of the fungi (MacDougal and Dufrenoy, 1944). 
It was assumed that this auxin was translocated to the root and caused 
the multi-branched short swollen root system characteristic of many 
mycorrhizae. 
This type of branching has been induced experimentally on excised 
roots of Scots pine. Pinus svlvestris L,, (Slankis, 1948). The roots 
were grown under sterile conditions and the root cultures were inocula­
ted with known mycorrhizae forming fungi. The addition of the fungus 
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to the nutrient medium caused inhibition of root elongation and induced 
swelling of the short branch roots similar to the swelling of simple 
mycorrhizae. These swollen roots in many cases later showed extensive 
dichotomous branching resembling the typical pattern of the pine mycor­
rhizae. Similar results were obtained with excised Scots pine roots by 
adding only the medium in which the fungus had grown to the root nutrient 
solution (Slankis, 1948). It was concluded that the characteristic 
morphology of simple and coralloid mycorrhizae was due to the influence 
of some substance or substances exuded by the fungal partner. 
Exudates of 54 fungi, collected from Scots pine sites, have been 
investigated to determine if inhibition of elongation and dichotomous 
y 
branching were effects limited to mycorrhizal fungi (Turner, 1962). Five 
groups of fungi were represented: Phycomycetes, Fungi Imperfecti, mycor­
rhizal Basidiomycetes, non-mycorrhizal Basidiomycetes, and status-un­
known Basidiomycetes. Results showed that inhibition of elongation 
occurred in the majority of exudates (74 per cent) and ranged from slight 
to severe. The dichotomous branching effect was not limited to mycor­
rhizal fungi but it was shown that this effect on branch roots was 
essentially characteristic of the Basidiomycetes (Table 1). No identi­
fication of the substance or substances in the exudates was attempted. 
Various synthetic auxins when added to excised root cultures yielded 
effects on root growth similar to those of mycorrhizal fungi. Indole-
acetic acid, (lAA), a-naphthaleneacetic acid, (NAA), indolebutyric acid 
- ^  
andvindoleproprionic acid added to cultures of Scots pine roots induced 
morphological changes comparable to simple, coralloid and tubercle 
Table 1. Taxonomic summary of the influence of fungal culture filtrates on development of excised 
Pinus svlvestris roots^  
Basidiomycetes 
Fungi 
Phycomycetes Imperfecti 
Non-
Mycorrhizal mycorrhizal 
Status. 
unknown Total 
No. tested 7 24 7 13 2 22 
No, inducing dichotomies 1 
(14%) 
1 
(4%) 
4 
(57%) 
6 
(46%) 
1 11 
(50%) 
No. stimulating elongation 2 
(28%) 
1 
(4%) 
2 
(26%) 
2 
(15%) 
1 5 
(23%) 
No. stimulating lateral 
root formation 
I 
0 0 1 1 0 2 
S^ource: Turner, 1962. p. 552. 
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mycorrhizae (Slankis, 1949; 1950; 1951). Analogous results were obtained 
with pond pine roots, Pinus serotina Michx., but in addition to lAA and 
NAA, citrulline, amino butyric acid, kinetin, vitamins, amino acids and 
antivitamins also caused dichotomous branching of the excised roots 
(Barnes and Naylor, 1959a; 1959b). 
Work with synthetic auxins suggested that indoleacetic acid was 
produced by the mycorrhizal fungi and was responsible for the noted 
morphological characteristics of the root-fungus structure. Production 
of lAA by fungi had been demonstrated (Gentile and Klein, 1955; Nielsen, 
1928; Thimann, 1935; Wolf, 1956) and it was postulated that mycorrhizal 
fungi also had the capacity to synthesize quantities of lAA. (Slankis, 
1958). 
Ulrich (1960a) demonstrated that mycorrhizal fungi were able to 
produce measurable quantities of lAA in vitro. Eleven mycorrhizal fungi 
were grown on a specifically defined nutrient medium and tested for 
indole compound synthesis. Three species of Boletus yielded detectable 
amounts of the auxin without added tryptophan. All other species with 
the exception of Coprinus comatus Fr. produced lAA in the presence of 
added tryptophan. It was noted that those fungi reported to induce the 
dichotomous branching root system could synthesize lAA in a tryptophan 
deficient medium. 
Results obtained with intact seedlings are some^ at contradictory. 
Mycorrhizal partners of sugar pine, Pinus lambertiana Dougl., added to 
culture solutions in which intact pine seedlings were growing, failed, 
with the exception of one seedling, to induce the expected dichotomous 
8 
branching (Ulrich, 1960b). The effects of indoleacetic acid were also 
different. lAA over a range of 10 ^  to 10 M had no effect on lateral 
-5 -4 
root production or morphology. Concentrations of 10 and 10 M did 
significantly inhibit elongation of the main root. It was noted, how­
ever, that the seedlings possessed a system for destroying exogenous lAA. 
"5 
up to concentrations of 10 M, 
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MATERIALS AND METHODS 
Collection and Storage of Acorns 
Acorns were collected in the fall of 1964 and 1965. They were-
gathered from the ground by hand every other day and brought to the lab­
oratory in plastic bags. The seeds were spread in shallow wooden trays 
and placed under a 200 watt incandescent bulb to remove external moisture. 
When the acorns were dry, they were transferred to wide mouth one-gallon 
jars, covered with dry sterilized sand, a layer of sand alternating with 
a layer of acorns, and stored until needed in a cold room set at 3° C, 
Acorns from individual trees were stored separately. The lids of the 
jars were not sealed to insure adequate air exchange, important in the 
storage of white oak acorns (Wargo, 1964). 
Acorn Treatment and Germination 
The acorns were peeled of both exocarp and seed coat, soaked for 10 
minutes in a 10 per cent (v/v) solution of 7X detergent (Linbro Chemical 
Co., Inc., New Haven, Conn.) and rinsed with running tap water for 12 to 
18 hours. The embryos were then immersed in a 10 per cent (v/v) solu­
tion of Clorox (sodium hypochlorite) for 45 minutes (agitated every 5 
minutes) and soaked for 15 minutes in a 30 per cent (v/v) solution of 
commercial antiseptic (hexylresorcinal), S. T. 37, (Quinton Co., Rahway, 
N. J.). Finally the embryos were placed in a holding solution of 2 per 
cent (v/v) Clorox and stored at 5° C until transfer to germination bot­
tles (Manzer, 1959) for a period of at least 8 but not more than 12 hours. 
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The embryos were germinated on moist paper toweling in 6-in. French 
square bottles previously autoelaved for 1/2 hour at 15 pounds per square 
inch. Embryo transfer from the holding solution to the bottles was con­
ducted in a walk-in chamber sterilized by spraying with a 2 per cent 
(v/v) Clorox solution. As a final precaution each embryo was dipped in 
a 250 ppm solution of streptomycin sulfate. Embryos were oriented toward 
the neck of the prone-positioned bottles with the apex pointing toward 
the base of the bottle to insure straight root growth (Figure 1). The . 
bottles with embryos were stored in the prone position in cardboard 
boxes and incubated in the dark in the transfer chamber at a temperature 
of 25+2° C. Root tips were excised after five to six days of incubation. 
Media Preparation 
Basic medium 
The basic medium consisted of an inorganic salt stock, a vitamin 
supplement and a carbohydrate (Bonner, 1942). A micronutrient supple­
ment was also employed (White, 1963), The carbohydrate concentration 
was modified to meet growth requirements of white oak roots (Wargo, 
1964). 
The salt stock was prepared by dissolving in 10 liters of redistil­
led water the following: 23.6 g Ca(NO2)2*^ 2^0, 3.6 g MgSO^ yTHgO, 8.1 
g KNOg, 6.5 g KCl and 2.0 g KHgPO^ . This solution was ten times the 
concentration needed. Ferric tartrate, Fe2(C^ H^ Og)g, the iron source, 
was not added to the salt stock because it precipitated from the solu­
tion. The iron source, 100 times the needed concentration, was prepared 
Figure 1. French square bottles used for germination of embryos 
(Embryos after 5 days incubation) 
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by dissolving 0,15 g of ferric tartrate in redistilled water and making 
to 1 liter. The vitamin stock containing nicotinic acid, thiamine, and 
pyridoxine was made 1000 times the concentration needed and stored at 
5° C. This stock was made fresh every 60 days. The micronutrient was 
prepared according to White (1963) and was 1000 times the required con­
centration. Sucrose at a concentration of 4" per cent (w/v) was the car- ; 
bohydrate used (Wargo, 1964). 
All stock solutions were prepared in ^ lass redistilled water using 
reagent grade chemicals. Glassware for preparation and storage of stock 
solutions was washed in a 10 per cent solution of 7X detergent and rinsed 
thoroughly in tap, distilled and dionized water. The volume of water re­
quired necessitated the use of dionized water rather than redistilled. 
The nutrient solution was prepared in varying quantities and con­
tained per Hter the following: 40 g sucrose, 100 ml salt stock, 10 ml 
ferric tartrate stock and 1 ml of vitamin and micronutrient stocks. The 
medium was distributed in 45 or 50 ml aliquots to 250 ml Erlenmeyer 
flasks and stoppered with cotton plugs. The solution was autoclaved for 
20 minutes at 15 pounds per square inch, and allowed to cool to room 
temperature. The culture flasks and medium preparation glassware were 
washed in the manner previously described. The flasks were capped with 
aluminum foil and sterilized for 4 hours in an oven at 325° F prior to 
receiving the nutrient solution. 
Adjustment of pH 
Initially the pH was adjusted with a 0.2 M acetic acid-sodium ace­
tate buffer. However the buffer proved to be inhibitory and was 
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abandoned. The buffer had been used to eliminate increase of the pH of 
the medium during root growth. Increase of the medium pH adversely 
affects root growth (Street et ai., 1952). 
The pH was adjusted with 0.05 N HCl and 0.05 N NaOH (Street and 
Lowe, 1950). Ten liters of nutrient solution were prepared and distribu­
ted to 2000 ml Erlenmeyer flasks in 1600 ml portions. To each volume a 
specific aliquot of HCl or NaOH was added (Table 2). The solution was 
stirred for 15 minutes and distributed to the culture flasks,in 50 ml 
quantities. The pH was determined after autoclaving by sampling four 
flasks from each pH treatment (Street and Lowe, 1950). Six treatments 
were established, two with a pH lower and three with a pH higher than 
that of the basic medium, vAiich served as one pH level (Table 2). 
Table 2. Quantities of 0.05 N HCl or NaOH added to the basic medium and 
the resulting pH 
ml of 0.05 N 
HCl or NaOH/liter 
pH 
after autoclaving 
0.6 HCl 
0.3 HCl 
control^  
0.3 NaOH 
0.6 NaOH 
0.9 NaOH 
4.85 
5.10 
5.45 
5.80 
6.10 
6.30 
U^naltered basic medium. 
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lAA supplemented medium 
The basic medium was prepared in 7-liter volumes and apportioned in 
45 ml aliquots to the culture flasks. The medium was autoclaved prior to 
the addition of lAA, Solutions of IAÂ were added in 5 ml quantities to 
yield a 50 ml volume per flask. 
Indolacetic acid was dissolved in 10 ml of warm 20 per cent (v/v) 
ethyl alcohol and adjusted to 200 ml with sterile redistilled water. The 
quantities of lAA used were 3.000, 5.000, 7.000 and 10.000 mg. These 
measures yielded stock solutions of 15, 25, 35 and 50 jig per ml respective­
ly. Stock solutions added in 5 ml portions to the basic medium furnished 
final concentrations of 1.5, 2.5, 3.5 and 5.0 jug per ml (Table 3). These 
concentrations correspond to those which induce dichotomous branching of 
roots in vitro (Slankis, 1949). 
Table 3. Concentrations of lAA 
jug/inl JJg/5 ml Jtig/ml molar conc. 
mg of lAA. stock stock culture flasks culture flasks 
3.000 15 75 1.5 8.5 x 10'^  
5.000 25 125 ,2.5 1.4x10"^  
7,000 35 175 3.5 1.9 x lO"^  
10.000 50 250 5.0 2.8 x lO"^  
Stock solutions were sterilized with a Seitz bacteria filter and 
stored at 5° C until used. The solutions were prepared no more than 
24 hours before use. Addition of the IAÂ was done in the sterile walk-in 
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chamber using sterile 50 ml burettes. The solutions were added immedia­
tely preceding root transfer or after one week of root growth. 
Fungal exudate production and addition 
Five fungi were used representing four groups with respect to white 
oak, (1) mycorrhizal, (2) potentially mycorrhizal, (3) pathogenic and 
(4) wood rotting. Tricholoma personattun Fr., (FYR 20), and Russula 
amygdaloides Kauf., (FYR 3), represented group 1 (Howe, 1964); Cenococ-
cum graniforme (Sow.) Ferd. and Winge, (M31C), group 2 (Trappe,.1962); 
Armillaria mellea (Vahl.) Quel., (FYR 19), group 3 (Long, 1914) and 
Polvporus cinnabarinus (Jacq.) Fr., (PC), group 4 (Overholts, 1953). 
With the exception of Ç. graniforme and P. cinnabarinus the fungi were 
obtained from a fungal collection of a study on mycorrhizal fungi of 
white oak in Iowa (Howe, 1964). The culture of Ç. graniforme was pro­
cured from Dr. James M. Trappe, Pacific Northwest Forest and Range Ex­
periment Station, Portland, Oregon and P. cinnabarinus was obtained from 
a collection of wood rotting fungi of the Forest Products Research Lab­
oratory, Madison, Wisconsin. 
The fungi were maintained on a modified Bonner's medium solidified 
with 15 g of agar. The medium was similar to that used for root growth 
with the exception of the carbohydrate, k sucrose-glucose combination 
with a ratio of 1 to 1 was substituted for the pure sucrose and the 
total carbohydrate concentration was reduced from 4 to 3 per cent (w/v) 
(Cochrane, 1958). It was observed that the fungi grew better on the 
combination than on the pure sucrose. 
For exudate production the fungi were grown as static cultures in a 
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liquid medium with nutrients identical to that used for fungal stock 
maintenance. The medium was distributed to 125 ml Erlenmeyer flasks in 
20 ml portions. The flasks were plugged with cotton and autoelaved for 
20 minutes at 15 pounds per square inch. The cultures were initiated by 
placing bits of hyphal-invaded agar into the nutrient. Thirty cultures 
were established for each fungus at each preparation. An effort was 
made to keep the amount of inoculum equal for each flask. The cultures 
were set on wooden flats and incubated in the dark at 25° C for 30 days. 
In a separate exudate test with A. mellea the fungus was grown in 
a medium supplied with ethyl alcohol. The medium was similar to that 
used for previous exudate production with ethyl alcohol at a concentra­
tion of 500 ppm being added. 
A Seitz bacterial filter facilitated hai?yest of the exudates and 
maintained a sterile condition. A Buchner funnel was employed to screen 
out the mycelial mat and bits of agar and prevented clogging of the 
bacterial filter. The solutions were filtered into sterile 500 ml vacuum 
flasks and.stored at 5° C until used. 
The basic nutrient medium was prepared in 8-liter quantities and 
distributed in 45 ml aliquots to the culture flasks. The medium was 
autoclaved before the exudates were introduced. Exudates were added in 
5 ml portions with sterile 50 ml burettes. The exudate solutions were 
introduced immediately prior to root transfer or after one week of root 
growth. 
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Transfer of Roots to Medium 
Transfer of root tips from germination bottles to culture flasks 
was performed in the walk-in chamber sterilized in the manner previously 
described. All instruments were sterilized in 95 per cent alcohol and 
flamed. The embryo with attached root was removed from the bottle with 
forceps and oriented above the mouth of the flask. With a sharp pair 
of surgical scissors a suitable portion of root was cut off and allowed 
to fall into the flask where it adhered to the side. This process was 
facilitated by means of a rack which oriented the side of the flask 
toward the horizontal position (Figure 2). The flask was tilted further 
to bring the level of the liquid up to the root which detached from the 
glass and floated on the surface of the medium. The flask was then 
righted. Care was taken to prevent root tips from falling directly into 
the medium because they sank. Submerged roots failed to grow or grew 
very slowly (Wargo, 1954), 
The length of the root tip could not be precisely controlled with 
this technique and ranged from 14 to 18 mm, the majority being 15 mm. 
Culture Storage and Measurement 
Root cultures were placed on wooden flats, 25 per flat, and stored 
in a walk-in refrigeration unit. Flats were handled at all times with 
great care to prevent excessive jostling which caused submersion of roots 
and subsequent culture losses. Flasks were capped with 1 1/2 ounce 
souffle cups to prevent excessive evaporation and contamination from 
i 
Figure 2. Rack with tilted flasks to facilitate root transfer 

culture handling. All roots were grown in the dark at 25° C, exposed 
briefly to light during periods of measurement. Measurements were taken 
at one-week intervals for a three-week period. The length of the main 
axis and number of lateral roots were recorded. Any increase in root 
diameter was also noted. Root length was determined in situ by washing 
the root to one side of the flask and measuring it with a flexible ruler 
calibrated in millimeters. 
All experiments except the delayed addition of lAA and exudates 
were treated in the above manner. In these experiments the roots were 
introduced to the medium and left in the transfer chamber for the one-
week interval. The respective treatments were carried out and the roots 
were removed to the growth chamber for the final two weeks. The tempera­
ture in the transfer chamber ranged from 23° to 25° C. This procedure 
eliminated unnecessary culture handling and reduced culture losses. 
Dry Weight Determination 
Dry weight analysis was conducted at the termination of the growth 
period. Roots were removed from the flasks and blotted to remove ex­
ternal moisture. They were put into 150 ml beakers and placed in a 
drying oven for 24 hours at 80° C. The roots were weighed as a group. 
The weight was determined in milligrams and divided by the total length 
of the roots giving a final quantity of milligrams per millimeter. 
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Microtechnique 
Prior to the final root measurement, three samples from the first 
two replicates of each treatment were randomly chosen for microscopic 
examination. The roots were removed from the flasks, measured, cut into 
suitable segments and immersed in Graf III fixing solution. They re­
mained in this solution until processed further (no less than 48 hours). 
Sections were taken at points 5 to 7 mm from the basal end of the root 
and 15 to 17 mm from the point of the original apex determined from the 
length recorded for the original root tip. In the initial indoleacetic 
acid test root growth was very reduced and the second section was taken 
approximately 2 to 4 mm from the root apex. Sections were taken from 
uncultured roots at a position 17 to 19 mm from the apex to represent 
the initial development of the oldest tissue placed in culture. 
The method of dehydration, infiltration, embedding and staining 
was that suggested by Sass (1958). All material was dehydrated in an 
ethyl alcohol-xylene series and embedded in paraffin. The material was 
sectioned at a thickness of 10 ji with a rotary microtome. 
All sections were stained with a safranin-fast green combination 
(Irvine, 1961). Sections mounted on slides with Haupts gelatin were 
dewaxed in xylene, carries through an ethyl alcohol hydration series at 
3-minute intervals and place in safranin for 12 hours. After several 
rinses with tap water the slides were taken through an ethyl alcohol 
dehydration series to 95 per cent alcohol at 1/2-minute intervals. The 
sections were immersed in fast green for 15 seconds, continued through 
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the dehydration series at 3-minute intervals to a phenol-xylene-cedar 
oil clearing agent and finally placed into xylene. Sections were per­
manently mounted with Canada balsam. 
Chromatography Procedures 
Cultures for chromatographic analysis were initiated in the same 
manner as that for exudate production. At the termination of the 30-
day incubation period the medium was separated from the mycelial mat 
with a bacterial filter. The medium from each of the 30 cultures was 
combined. A 100 ml portion of the medium was acidified to pH 2,5 to 2.7 
and extracted immediately with three 50 ml aliquots of peroxide free 
ether (Ulrich, 1960a), Peroxides were removed from the ether by shaking 
the ether with a 5 per cent (w/v) solution of ferrous sulfate, FeSO^ , 
(Stecher et. al., 1960). The ether was distilled to remove residues of 
ferrous sulfate and excess water. 
The three ether extracts of the medium were combined and dried 
with anhydrous MgSO^ . The ether was decanted from the powder and eva­
porated to dryness at 50° C under a hood. 
The dried extract was taken up in 1.000 ml of isopropyl alcohol 
and spotted in 25 jal portions on a line 2.5 cm from the bottom of a 
20 cm square sheet of No. 1 Whatman filter paper. The spots were dried 
with warm air from a small hair dryer. Indoleacetic acid was spotted as 
a reference on each paper. The papers were stapled to make a cylinder 
and lowered into 90 ml of solvent in one-gallon, wide-mouth jars. The 
lids were sealed and the jars were placed in the dark for a period of 
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six hours. Aluminum foil was used to cover the inside of the lid to 
prevent lacquer from dripping into the solvent (Ulrich, 1960a). The 
solvent employed for separation of indole compounds was isopropyl alco­
hol, ammonia (28 per cent NHg) and water in the proportion of 8 to 1 to 
1 (Sen and Leopold, 1954; Stowe and Thimann, 1954). 
The paper cylinders were taken from the jars and the solvent front 
was marked. The staples were removed and the papers were clipped to a 
wire strand in the hood and allowed to dry. A modified Salkowski rea­
gent (Gordon and Weber, 1951) was used for indole detection. The rea­
gent contained 0.01 M FeClg in 36 per cent perchloric acid, HCIO^ . This 
was obtained by adding 1 ml of 0.5 M FeClg to 49 ml of perchloric acid. 
This solution was diluted with an equal amount of ethyl alcohol for use 
as a spray. 
The papers were sprayed and allowed to dry for one-half hour in the 
hood. The chromatograms were examined under incandescent and ultra­
violet light. Indole determinations were conducted on two samples for 
each fungus and two chromatograms were established for each sample 
series. 
Experimental Design and Analysis 
All experiments were set up as split-plot designs with treatments 
as whole plots and weeks in culture as sub-plots. The treatment replica­
tions were established on separate days except where indicated. The 
size of the experiments, i.e. number of cultures, necessitated this 
procedure. It was assumed that time was hot a factor in the tests and 
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an effort was made to maintain identical conditions for each replica­
tion. 
The number of root cultures established for each treatment was the 
same in each replication. Because of culture losses through contamina­
tion and submersion, the average length increase, lateral roots and dry 
weight of the total remaining roots in each replication were used in 
the analysis. 
The experiments were analyzed as the design requires. Comparisons 
planned at the beginning of the experiments were conducted where signifi­
cant differences were indicated. The dry weight data were analyzed as 
completely randomized designs. The dry weight was sampled at the termina­
tion of the experiments and no sub-plot data were recorded. All statis­
tical procedures and tests followed standard methods (Snedecor, 1956), 
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RESULTS 
Effects of pH 
Buffer versus check 
In the initial studies with excised roots of white oak (Wargo, 
1964) a buffer was used to regulate the pH. It was noted in the present 
study in the determination of optimum pH that root growth in the con­
trol medium (unbuffered) appeared to be better than in any of the buf­
fered treatments. To ascertain whether the buffer was inhibiting root 
growth or the pH of the unbuffered medium was the optimum, a comparison 
was made between the unbuffered medium and medium buffered at the same 
pH. 
Twenty roots were grown for each treatment and the treatments were 
replicated three times. The replicates were initiated on the same day. 
The length increase data were originally analyzed as the design re­
quired, however, the whole-plot and sub-plot error were combined to 
obtain additional degrees.of freedom for the significance tests (Appen­
dix, Tables 19 and 20). The errors were not significantly different as 
determined by a standard F test. 
Growth (increase in length) in the control medium was superior to 
that in-buffered medium (Figure 3). Although this difference was sig­
nificant at the 10 per cent level it was considered biologically sig­
nificant and the buffering procedure was deleted from the study (Appen­
dix, Table 20). Deviations in lateral root production were also ob­
served. The number of lateral roots produced per mm of root was greater 
in the unbuffered medium (Table 4). The effect of weeks was significant 
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Table 4. Mean lateral roots produced per week per mm of root in unbuf­
fered and buffered media 
Treatments Week in culture 
la 2^  3& 
Unbuffered (45)^  .015^  .123^  .044 
Buffered (38) ,.004 .032 .042 
Standard error (treatment) + .0033 
Standard error (week) + .0064 
a 
Significant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
F^igures in parenthesis indicate number of roots out of 60 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
in lateral root production but the response of the roots over the weeks 
was not the same for each treatment as indicated by the significant in­
teraction (Appendix, Table 21). Lateral root production in the unbuf­
fered medium was lowest in the first week, reached a maximum in the 
second week and dropped in the third week. In the buffered medium 
lateral root yield progressively increased for each week. It has been 
shown that lateral root production is related to the growth rate of the 
main axis of the root (Wargo, 1964), however, examination of the growth 
rates in these two media shows no differences (Figure 3). 
Optimum pH 
Six hydrogen ion concentrations were used to determine the optimum 
pH for growth of the excised roots. Each treatment contained 25 root 
Figure 3. Mean length increase of the main axis of roots in unbuffered 
and buffered media (Figures in parenthesis indicate number 
of roots out of 60 used to determine the mean; original 
number reduced by contamination and submersion) 
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cultures and was replicated four times. 
Slight differences in the average length increase occurred among 
the pH levels (Figure 4), however, they were not significant (Appendix, 
Table 22). The growth rate depicted by the graph represents the general 
pattern observed throughout this study. Growth during the first week 
was greater than that in the second week which was superior to that in 
the third week (Table 5). 
Table 5. Mean length increase per week^  of the main axis of roots at 
six pH levels 
pH levels l" 
Week in culture 
2^  3^  
4.85 (65)C 26 9 5 
5.10 (68) 29 10 3 
5.45^  (61) 29 9 3 
5.80 (64) 28 8 3 
6.10 (74) 27 8 3 
6.30 (71) 28 8 2 
Standard error (treatment) + .56 
Standard error (week) + .54 
m^m/week. 
b Significant at the 1 per cent level. 
F^igures in parenthesis indicate number of roots out of 100 used 
to determine the mean (Original number reduced by contamination and sub­
mersion) . 
basic medium. 
Figure 4. Mean length increase of the main axis of roots in six 
hydrogen ion concentrations (Figures in parenthesis indicate 
number of roots out of 100 used to determine the mean; 
original number reduced by contamination and submersion) 
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Lateral root production was not significantly affected by any of 
the hydrogen ion concentrations (Table 6). The effect of weeks was sig­
nificant (Appendix, Table 23) with the greatest lateral root formation 
appearing in the second week of growth. 
Table 6. Mean lateral roots produced per week per mm of root at six 
pH levels 
pH levels 1* 
Week in culture 
2* 3* 
4.85 (65)^  .031 .125 .060 
5.10 (68) .046 .148 .068 
5.45® (61) .038 .139 .062 
5.80 (64) .041 .146 .044 
6.10 (74) .022 .130 .055 
6.30 (71) .041 .136 .049 
Standard error (treatment) + .006 
Standard error (week) + .004 
S^ignificant at the 1 per cent level. 
F^igures in parenthesis indicate number of roots out of 100 used 
to determine the mean (Original number reduced by contamination and sub­
mersion) . 
U^naltered basic medium. 
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Since no pH was found to be optimum for root growth or lateral 
root formation, it was decided to use the unaltered basic medium, pH 
5.45, for subsequent experiments. The pH levels of the subsequent ex­
perimental treatments were checked to insure they were within the range 
studied. This insured that any effects observed were not due to the pH 
of the treatment medium. 
Effects of lAA _ 
lAA added prior to root transfer 
Four concentrations of indoleacetic acid were investigated. These 
concentrations have been shown to influence excised root growth in a 
manner similar to exudates of mycorrhizal fungi (Slankis, 1949). The 
intent of this experiment was to characterize the effects of lAA. on 
excised root growth so the observed influences could be used as a refer­
ence for the fungal exudate tests. 
Five treatments were established, four lAA concentrations and a 
check which contained an ethanol concentration equivalent to that in 
the auxin treatments. The lAA was dissolved in ethanol. Each treat­
ment contained 25 root cultures and was replicated 3 times. 
Increase in length of the roots was substantially inhibited by all 
concentrations of lAA (Figure 5). Growth in the check medium was supe­
rior to that in all lAA concentrations at the 1 per cent level of sig­
nificance (Appendix, Table 24). Deviations in length among the lAA 
treated roots were significant at the 10 per cent level. The response 
of roots to lAA indicated a linear effect with root growth decreasing as 
Figure 5. Mean length increase of the main axis of roots in lAA added 
prior to root transfer (Figures in parenthesis indicate 
number of roots out of 75 used to determine the mean; origi­
nal number reduced by contamination and submersion) 
GROWTH (INCREASE IN LENGTH)-mm 
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the concentration of the auxin increased. Analysis showed that this 
linear reaction was a true response significant at the 5 per cent level 
(Appendix, Table 24). The analysis of variance showed significant in­
teraction between treatments and weeks. Examination of root growth per 
week (Table 7) shows that the response of the roots during each week 
was not the same for each treatment. Increase in root length among the 
lAA treated roots in the third week was equal to or greater than that 
in the second week. Growth in the check showed a progressive decline 
for each week. It has been observed that excised roots can adapt to 
high concentrations of IAÀ and overcome the inhibitory effect (Burstrom, 
1957). This is a possible explanation of the observed results. 
Table 7. Mean length increase per week^  of the main axis of roots in 
lAA added prior to root transfer 
/ig/ml of lAA 1 
Week in culture 
2 3 
Check (46)^  19^  10^  5^  
1.5 (49) 3 2 2 
2.5 (50) 3 1 2 
3.5 (54) 2 1 2 
5.0 (52) 2 1 1 
Standard error (treatment) + .29 
Standard error (week) + ,42 
m^m/week. 
F^igures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) , 
S^ignificant at the 1 per cent level. 
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No significant effect of lAA on lateral root formation was detec­
ted. The number of lateral roots formed each week was significantly dif­
ferent for all treatments (Table 8). Although the differences in lateral 
root production between treatments appear large, the variability of 
their production was great and yielded a high experimental error (Appen­
dix, Table 25). This observed variability was typical of all subsequent 
experiments. The lateral roots formed in the lAA treatments were short 
and thick (Figure 6). 
Table 8. Mean lateral roots produced per week per mm of root in lAA 
added prior to root transfer 
;ug/ml of lAA lb 
Week in culture 
2b 3b 
Check (46)^  .005 .028 .034 
1.5 (49) .002 .006 .051 
2.5 (50) • .000 .009 .026 
3.5 (54) .000 .010 .014 
5.0 (52) .000 .009 .017 
Standard error (treatment) + ,005 
Standard error (week) ± .004 
figures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
S^ignificant at the 1 per cent level. 
Figure 6. lAA. treated roots (lAA added prior to root transfer) after 
I. r : three weeks in culture (Arrow indicates lateral roots) 
A -- 1.5 jag/ml lAA 
B — 5.0 jug/ml lAA 
Figure 7. Comparison of lAA treated root (lAA added after one week of 
root growth) with check root, roots after three weeks in 
culture (Arrows indicate lateral roots) 
A — check root 
B — lAA treated root 
40 
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Dry matter production was significantly different among the treat­
ments (Table 9). Analysis showed that the check roots were substantially 
lower in dry weight than the IM treated roots. There were no signifi­
cant differences among the weights of the auxin treated roots (Appendix, 
Table 26). It was observed that auxin treated roots increased notice­
ably in diameter during the growth period (Figure 6). This radial growth 
accounted for the superior dry matter production in the lAA treatments. 
Table 9. Mean dry weight^  of lAA treated roots after three weeks in 
culture (lAA added prior to root transfer) 
jug/ml of lAA 
Check (40)^  1.5 (43) 2.5 (44) 3.5 (48) 5.0 (46) 
.239C .450 .481 .492 .534 
Standard error + .035 
m^g/mm. 
b Figures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination, submersion 
and fixation for microscopic observation). 
S^ignificant at the 1 per cent level. 
lAA added after one week of root growth 
This experiment was designed mainly to determine the effects of 
indoleacetic acid on lateral root growth. It was observed in the ini­
tial study that although lateral roots were produced they did not elon­
gate to any extent and no branching occurred. The addition of lAA was 
delayed to allow lateral branches to be produced and grow normally for 
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some time, in this manner any effect of the auxin on subsequent lateral 
root growth could be observed. 
The experimental design was identical to that used in the initial 
lAA study. 
The effect of lAA. on lateral root growth was identical to that ob­
served in the initial test. Lateral roots that had been initiated in 
the absence of the auxin were inhibited in growth when the lAA. was added. 
Elongation of the laterals ceased and they began thickening radially 
(Figure 7). In no instance was branching of the lateral roots observed 
in the lAA treatments. 
Comparison of the average growth among the treatments showed that 
the growth of the check roots was superior to that of the lAA. treated 
roots (Figure 8). This difference was significant at the 1 per cent 
level. The differences existing among the lAA treatments were not sig­
nificant (Appendix, Table 27), The response of the roots to the treat­
ments was not the same for each week as indicated by the significant 
interaction of the treatments and weeks (Appendix, Table 27). No' root 
growth occurred during the third week in the two highest lAA concentra­
tions. In the check and two lower auxin concentrations some growth took 
place. 
No significant differences in lateral root production were found 
among the treatments (Appendix, Table 28). The number of roots produced 
per week was significantly different for all treatments. The highest 
yield was recorded in the first week in lAA ^ ich corresponds to the 
second week in culture (Table 10). 
Figure 8. Mean length increase (Corrected to zero after the first week) 
of the main axis of roots in lAA added after one week of 
root growth (Figures in parenthesis indicate number of roots 
out of 75 used to determine the mean; original number re­
duced by contamination and submersion) 
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Table 10. Mean lateral roots produced per week per mm of root, in lAA 
added after one week of root growth 
Week in culture 
jag/ml of lAA 2^  3^  
Check (49)^  .034 .012 
1.5 (53) .034 .011 
2.5 (49) .020 .006 
3.5 (45) .030 .015 
5.0 (54) .032 .020 
Standard error (treatment) + .006 
Standard error (week) + .003 
F^igures in parenthesis indicate number of roots out of 75 used 
to determine the mean (Original number reduced by contamination and sub­
mersion) . 
S^ignificant at the 1 per cent level. 
Dry matter yield followed the same pattern observed in the initial 
lAA test. The dry weight of the lAA treated roots was significantly 
greater than that of the check roots (Table 11) but no deviations of 
significance occurred among the auxin treatments (Appendix, Table 29). 
This difference in dry matter production resulted from an increase in 
diameter of the lAA treated roots (Figure 9). 
Figure 9. lAA treated roots after three weeks in culture (lAA added 
after one week of root growth) 
A — Check 
B — 1.5 >ig/ml lAA 
C — 2.5 pg/ml lAA. 
, , D — 3.5 jug/ml lAA 
E — 5.0 |ig/ml lAA 
a 
48 
Table 11, Mean dry weight^  of lAA treated roots after three weeks in 
culture (lAA added after one week of root growth) 
g^/ml of lAA 
Check (43)^  1.5 (47) 2.5 (43) 3.5 (39) 5.0 (48) 
.318^  .443 .404 .407 .387 
Standard error + .025 
g^/mm. 
F^igures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination, submersion 
and fixation for microscopic observation). 
S^ignificant at the 5 per cent level. 
Influence of Exudates 
Exudates added prior to root transfer 
Seven treatments were established, five exudates, a check, con­
taining a volume of medium used for fungal growth equal to the amount 
of exudate added, and à control consisting of only the basic medium. 
Twenty-five root cultures were set up for each treatment and each treat­
ment was replicated three times. The exudates were added prior to root 
transfer. 
A comparison of the average length increase shows that differences 
did exist among the treatments (Figure 10). These differences were sig­
nificant at the 1 per cent level (Appendix, Table 30). A series of 
comparisons, planned at the initiation of the experiment, was conducted 
to determine where the significance occurred among the treatments. The 
Figure 10. Mean length increase of the main axis of roots in fungal 
exudates added prior to root transfer (Figures in parenthe­
sis indicate number of roots out of 75 used to determine 
the mean; original number reduced by contamination and 
submersion) 
FYR 20 -- Tricholoma personatum 
FYR 3 -- Russula amygdaloides 
FYR 19 — Armillaria me Ilea 
M31C -- Cenococcum graniforme 
PC -- Polvporus cinnabarinus 
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comparisons were not orthogonal. The author was fully aware of the con­
sequences of such comparisons and this was considered in the interpreta­
tion of the results. 
Increase in length was approximately equal in the check, control 
and exudates of Armillaria mellea, Cenococcum graniforme and Polvporus 
cinnabarinus (Appendix, Table 31). Compared as a group, growth in exu­
dates of Tricholoma personatum and Russula amygdaloides, the two mycor-
rhizal fungi, was significantly less than in all other treatments. How­
ever roots in the T. personatum exudate were substantially smaller than 
those in the R. amygdaloides exudate. Whether growth in the R. amygda­
loides exudate was truly different from that of the other^ treatments 
was not determined. A comparison of R. amygdaloides with any treatment 
other than T. personatum is invalid since it is suggested by the data 
and was not planned. Any inferences made from such tests could be highly 
erroneous. 
No significant deviations in lateral root production were detected 
(Table 12). The effect of weeks was significant with the greatest 
number of roots formed during the second week of growth (Appendix, 
Table 32). 
Dry matter yield among the treatments differed (Table 13) and these 
differences were significant at the 10 per cent level (Appendix, Table 
33). The same comparisons used in the length increase data were con­
ducted (Appendix, Table 34). Dry weight of the check roots was superior 
to that of the control roots. The difference in yield between exudates 
of T. personatum and R, amygdaloides was significant. All other 
comparisons showed no significant differences. 
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Table 12. Mean laterar~roots produced per week per mm of root in fungal 
exudates added prior to root transfer 
Exudates lb 
Week in culture 
2" 3^  
Control (42)* .019 .067 .062 
Check (55) .016 .085 .048 
T. personatum (59) .002 .046 .057 
R. amygdaloides (39) .016 .041 .012 
A. mellea (53) .017 .086 .035 
C. eraniforme (52) .029 .109 .036 
P. cinnabarinus (59) .031 .107 .046 
Standard error (treatment) + .011 
Standard error (week) + ,005 
F^igures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
S^ignificant at the 1 per cent level. 
Exudates added after one week of root growth 
The main objective of this experiment was to study the effects of 
the exudates on growth of lateral roots that had been formed in the ab­
sence of the exudate. By the end of the first week in culture lateral 
roots had been produced and any effect of the exudates on their subse­
quent development could be observed. The experimental design was identi­
cal to that used in the initial study. 
No differences in exudate influence on lateral root growth was 
noted among the treatments. Lateral root elongation and branching 
Table 13. Mean dry weight^  of roots after three weeks in culture with fungal exudates 
added prior to root transfer 
Control Check T. oersonatum R. amvedaloides A. mellea C, eraniforme P. cinnabarinus 
(36)b (49) (53) (33) (47) (46) (53) 
.235^  .292 .237^  .284 .289 .250 .269 
Standard error + .016 
F^igures in parenthesis indicate number of roots out of 75 used to determine the mean 
(Original number reduced by contamination, submersion and fixation for microscopic ob­
servation) . 
S^ignificant at the 5 per cent level. 
'^ Sigtiificant at the 10 per cent level. 
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appeared the same in all treatments. In no instance were any effects 
similar to those of lAA noted. 
Differences in length increase of the roots appeared among the 
treatments (Figure 11). The analysis of variance indicated significance 
at the 10 per cent level (Appendix, Table 35). The comparisons planned 
for the initial exudate study were conducted on the data to ascertain 
where the significance occurred among the treatments (Appendix, Table 
36). Growth of the control roots was greater than that of the check 
roots at the 10 per cent level of significance. A possible explanation 
of this difference is that roots in the control were not disturbed 
throughout the growth period. The check roots were agitated when the 
check medium was added after one week of root growth. The exudate of 
T.• personatum yielded less growth than the R. amygdaloides exudate, sig­
nificant at the 5 per cent level. This was comparable to the results in 
the initial study. However, growth in these two exudates was not sig­
nificantly less than growth in the control and check, exudates of 
Ç. graniforme and P. cinnabarinus or the exudate of A. mellea as ob­
served in the original study. Growth in the check and control com­
pared to that in exudates of Ç. graniforme and P. cinnabarinus was 
significantly greater at the 5 per cent level. Examination of the data 
suggests that this difference may be due to the greater increase in 
length recorded for the control roots. It has been noted previously 
that this larger increase may have resulted from experimental procedure 
and this significance must be viewed with reservation. 
Figure 11. Mean length increase (Corrected to zero after the first 
week) of the main axis of roots in fungal exudates added 
after one week of root growth (Figures in parenthesis 
indicate number of roots out of 75 used to determine the 
mean; original number reduced by contamination and sub­
mersion) 
FYR 20 — Tricholoma personatum 
FYR 3 — Russula amygdaloides 
FYR 19 — Armillaria me Ilea 
M31C — Cenococcum graniforme 
PC Polvporus cinnabarinus 
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Lateral root production was approximately the same among the 
treatments (Table 14). More roots were formed during the first week 
in the exudates than in the second and was significant at the 5 per cent 
level (Appendix, Table 37). This first week in the exudates corres­
ponds to the second week in culture and the results agree with previous 
data recorded for lateral root production. 
Table 14. Mean lateral roots produced per week per mm of root in fungal 
exudates added after one week of root growth 
Week in culture 
Exudates 2^  3^  
Control (51)* .055 .040 
Check (53) .072 . .043 
T. oersonatum (53) .058 .036 
R. amvedaloides (52) .051 .042 
A. meIlea (45) .062 .036 
C. graniforme (46) .066 .025 
P. cinnabarinus (47) .055 .044 
Standard error (treatment) + .007 
Standard error (week) + .006 
figures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
S^ignificant at the 5 per cent level. 
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Small differences in dry weight occurred among the treatments 
(Table 15) but these differences were not significant (Appendix, Table 
38). 
Armillaria meIlea exudates with and without ethanol 
This study was designed to determine if there were any differences 
in exudate production between pure mycelial and mycelial and rhizo­
morphic growth of A. meIlea. The fungus is observed in the field mainly 
in the rhizomorphic form. Root penetration, however, appears to be 
mycelial with rhizomorphs being produced after penetration occurs (Irvine, 
1961). If conditions necessary for rhizomorph production are not pre­
sent and mycelial growth is maintained does pathogenicity ensue? Is 
the rhizomorphic form of the fungus also the pathogenic form? 
It was shown that ethanol was a necessary carbon source for rhizo­
morph initiation in culture by A. meIlea (Weinhold, 1964). Therefore 
the fungus was grown in media with and without ethanol. The effects of 
the exudates from these two media were compared to determine if the ex-
udate from rhizomorphic growth had any detrimental effect on root growth. 
Each of three replications contained four treatments, a control 
having no additions, a check containing a volume of alcohol supplemented 
medium equal to the volume of exudate added, and the two exudates. Each 
treatment contained twenty root cultures. The exudates were added prior 
to root transfer. The replicates were established on the same day. 
Increase in length was not equal among the treatments (Figure 12) 
but'the differences were not significant. The response of the roots to 
each treatment was not the same over the weeks as indicated by the 
Table 15. Mean dry weight* of roots after three weeks in culture with fungal exudates added 
after one week of root growth 
Control Check T. personatum R. amygdaloides A. meIlea Ç. graniforme P. cinnabarinus 
(45)* (47) (47) (46) (39) (40) (41) 
.241 .262 .261 .278 .263 .269 .278 
Standard error + ,017 
*mg/inm. 
F^igures in parenthesis, indicate number of roots out of 75 used to determine the mean 
(Original number reduced by contamination, submersion and fixation for microscopic ob­
servation) . 
Figure 12. Mean length increase of the main axis of roots in exudates 
of A. meIlea (Figures in parenthesis indicate number of 
roots out of 60 used to determine the mean; original number 
reduced by contamination and submersion) 
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significant interaction of exudates and weeks (Appendix, Table 39). 
Examination of the average growth for each week (Table 16) shows that 
growth in the control, check and exudate with ethanol was progressively 
less each week. However, in the exudate without ethanol growth in the 
second week was approximately equal to that in the first and then dropped 
in the third week.  ^
No significant deviations in lateral root production were observed 
among the treatments (Appendix, Table 40). Substantial differences 
among the weeks appeared with the greatest yield of laterals occurring 
in the second week of growth (Table 17). 
Table 16. Mean length increase per week®' of the main axis of roots in 
exudates of A. me Ilea 
Exudates 1 
Week in culture 
2 3 
Control (44)b 27 19 9 
Check (41) 26 22 9 
Without EtOH (43) 21 20 12 
With EtOH (36) 28 20 9 
Standard error (treatment) + .56 
Standard error (week) + .60 
m^m/week. 
F^igures in parenthesis indicate number of roots out of 75 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
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Table 17. Mean lateral roots produced per week per mm of root in exu­
dates of A. me Ilea 
Week in culture 
Exudates b^ b^ 3b 
Control (44)^  .018 .078 .062 
Check (41) .013 .062 .060 
Without EtOH (43) .013 .074 .047 
With EtOH (36) .020 .093 .055 
Standard error (treatment) + ,006 
Standard error (week) + .004 
F^igures in parenthesis indicate number of roots out of 60 used to 
determine the mean (Original number reduced by contamination and sub­
mersion) . 
S^ignificant at the 1 per cent level. 
Analysis of the dry weight data showed that differences at the 10 
per cent level of significance existed among the treatments (Appendix, 
Table 41). A series of planned orthogonal comparisons was conducted 
(Append'i^ , Table 42). Dry matter yield in the check was significantly 
less than in the control. Combined dry weight of the check and control 
was significantly different from the combined dry weight of the two ex­
udates. No substantial difference existed between the two exudates. 
Inspection of the average dry weight yield in each treatment sug­
gests that the significance of the comparison of the check and control 
with the two exudates may be due to the low yield in the check medium 
(Table 18). The check medium contained 50 ppm ethanol and this may have 
64 
Table 18. Mean dry weight^  of roots after three weeks in culture in 
exudates of A. meIlea 
Exudates 
Control (38)b Check (35) Without EtOH (37) With EtOH (30) 
.243 .222^  .253 .240 
Standard error + .006 
Sig/mm. 
b Figures in parenthesis indicate number of roots out of 60 used to 
determine the mean (Original number reduced by contamination, submer­
sion and fixation for microscopic observation). 
S^ignificant at the 10 per cent level. 
caused the low gain. Dry matter gains among the other treatments do not 
differ too greatly. Although the one exudate was derived from medium 
supplemented with ethanol, the fungus is known to utilize the alcohol 
and therefore reduce the concentration and not affect dry weight. 
Microscopic Observations 
The histological development of roots was observed by means of 
cross sections. Sections from the basal end of roots were examined and 
compared with sections representing the extent of tissue development 
when the roots were placed in culture. Differences among the treat­
ments were also noted. Apical sections were compared among the treat­
ments to determine the effects of the various treatments on development 
of tissue produced in culture. 
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The stage of tissue development when the roots were placed in 
culture was determined by sectioning uncultured primary roots approxi­
mately 17 to 19 mm from the apex. Tissue from this area would be re­
presentative of the oldest tissue placed in culture (Figure 13). At 
this stage in tissue differentiation an extensive pith, bordered by a 
three to four cell thick pericycle was present. The primary xylem 
bundles were distinct and appeared in a radial arrangement at the peri­
phery of the pith. An endodermis had developed followed by an intact 
spongy cortex and an intact single layered epidermis. 
lAA treated roots 
lAA had a pronounced effect on tissue activity and differentiation 
when added initially or after one week to the root cultures. Develop­
ment of the original tissue was continued (Figure 14). The primary 
xylem elements increased in wall thickness and number and evidence of 
vascular cambium formation was observed. In several instances secondary 
xylem cells were produced but this was not general. Activation of the 
pericycle was the most obvious effect of lAA. The cells composing 
this tissue layer increased in number and size. The site of greatest 
activity was opposite the primary xylem bundles. Sections from tissue 
formed in culture also showed this pericycle activity (Figure 15). The 
cells of the cortex enlarged causing disruption of the cortex and epi­
dermis. This was observed in both basal and apical sections. 
Tissue from the basal end of the check roots did not differ exten­
sively from that of the uncultured root (Figure 16). The cells of the 
cortex increased in size and some disruption of the cortex and epidermis 
Figure 13. Cross section of primary root (34X) 17 to 19 mm from root 
apex prior to transfer to medium 
pi — pith 
pr — pericycle 
px — primary xylem group 
en — endodermis 
c — cortex 
ep — epidermis 
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Figure 14. Cross section of primary root (34X) 5-7 mm from basal end; 
3 week old lAA treated root 
px — primary xylem group 
pr — pericycle 
vc — vascular cambium 
Figure 15. Cross section of primary root (40X) 15-17 mm from point 
of the original apex; 3 week old lAA treated root 
px — primary xylem group ? 
pr — pericycle 
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Figure 16. Cross section of primary root (58X) 5-7 mm from basal end; 
3 week old root from check medium 
Figure 17. Cross section of primary root (80X) 15-17 mm from point of 
original apex; 3 week old root from check medium 
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occurred. It was not as great as observed in the lAA treated roots. 
Neither activity of the pericycle nor cortex rupture was detected in 
the tissue formed in culture (Figure 17). 
Exudate treated roots 
No discernible effects on tissue development in both original tis­
sue and culture formed tissue were observed among the exudate treated 
roots. Tissue from the basal and apical ends of roots grown in the ex­
udates was identical to that in the control and check roots (Compare 
Figures 18, 19, 20, 21, 22 and 23). Tissue development in the original 
root segment was not greatly different from that in the uncultured roots 
(Compare Figures 18, 20 and 22 with Figure 13). Some hypertrophy of the 
cortex cells occurred and disruption of the cortex and epidermis was 
observed. In no instance were effects similar to those of lAA detected 
among the exudates. 
Chromatographic Analysis 
Production of lAA in culture was not detected for any of the fungi 
with the techniques used. No spots appeared on the paper with an 
value similar to the reference spot of lAA or with a similar color. The 
Rg value of the reference spot was 0,37. 
One spot appeared from the exudate of T. personatum with an R^  of 
0.53. The true color of this spot was not determined because the 
ether extract was pigmented and masked the true color. The chromato-
grams were examined under ultraviolet light to ascertain if this spot 
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fluoresced in the same manner as the lAA reference. The reference spot 
fluoresced a bright green but no such fluorescence was observed for the 
T. personatum spot. Only one other spot appeared on the chromatograms 
and this one was common to all exudates and controls. It had an 
value of 0.92 and was light brown in color. Examination of the litera­
ture revealed no indole compound with R£ values similar to the two ob­
served spots or similar color in the case of the second spot. Identity 
of the compounds was not made. 
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Figure 18. Cross section of primary root (49X) 5-7 mm from basal end; 
3 week old exudate treated root 
Figure 19. Cross section of primary root (lOOX) 15-17 mm from point 
of original apex; 3 week old exudate treated root 

Figure 22. Cross section of primary root (46X) 5-7 mm from basal end; 
3 week old root from check medium 
Figure 23. Cross section of primary root (86X) 15-17 mm from point of 
original apex; 3 week old root from check medium 
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DISCUSSION 
The buffer system added to the nutrient solution was detrimental 
to root elongation and lateral root formation. Inhibition of root 
elongation could result from a decreased rate of cell division or a 
reduction of cell elongation. The influence on lateral root production 
indicates an inhibition of cell division in the pericycle, the origin 
of lateral roots. The increased yield of lateral roots in the third 
week of growth in the buffered medium cannot be adequately explained. 
The growth rate of the roots in both media was essentially the same. 
It is possible that the inhibitory effect of the buffer was overcome in 
the third week of growth. 
No pH was found optimum for root growth. It has been shown that 
as roots grow the pH of the medium increases and adversely affects root 
growth by reducing iron availability (Street et , 1952). It was * 
expected that root growth in the higher pH treatments would decrease 
more rapidly than in the lower pH levels during the last two weeks of 
growth. No such effect was observed. This may indicate that white oak 
roots are not as sensitive to iron availability as other species. The 
greater length increase in the last week of growth for pH 4.80, although 
not significantly different from the other treatments, suggests a res­
ponse to lower pH levels. The pH of this medium was the lowest at the 
end of the third week. 
Inhibition of elongation of excised roots by indoleacetic acid 
reported in this study has been commonly observed (Bonner and Koepfli, 
1939; Hughes and Street, 1960; Lane, 1936; Street et al., 1954; 
Thimann, 1936; Torrey, 1953). The inhibition is due to a decrease in 
cell length and frequency and duration of mitotic activity (Street et al. 
1954). No increase in lateral root production was detected macroscopical 
ly. Increased lateral root formation usually accompanies the inhibiting 
effect on elongation (Goldacre, 1959; Torrey, 1953). Microscopic ex­
amination of the lAA treated roots revealed that pericycle activity 
opposite the primary xylem bundles was stimulated. Since this is the 
site of lateral root formation, lateral root production was probably 
enhanced but the culture period may not have been long enough for this 
effect to be manifested macroscopically. 
Differences in lateral root production were noted between the two 
lAA experiments (Tables 8 and 10). In the initial study the greatest 
number of laterals was produced in the third week and in the second ex­
periment yield was greatest in the second week. The general pattern of 
lateral root formation was like that observed in the second study, lAA 
added after one week of growth. 
A plausible explanation is that the ethanol, used to dissolve lAA, 
was inhibitory to lateral root formation and the inhibiting effect de­
creased with time in culture. The absence of this alcohol influence in 
the second experiment could result from the one week delay in adding the 
ethanol. Lateral root initiation may have proceeded to a point during 
the first week of growth at which the alcohol had little or no effect 
on root production during the second week of growth. This also could 
account for the failure of lAA to stimulate lateral root production. A 
similar effect on lateral root yield was observed in the buffering 
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experiment. The buffer was inhibitory to lateral root formation and 
this retardation appeared to decrease with time (Table 4). 
The failure to observe dichotomous branching in the lAA treated 
roots is understandable. Lateral root development under ideal culture 
conditions was limited. Very little branching of the laterals was ob­
served. Experiments in which the dichotomous effect of lAA was noted 
were conducted with roots with well developed branching systems. These 
roots were clonal roots capable of prolonged periods of growth in cul­
ture. The short period of growth of excised white oak roots limited 
the extent of branching. 
Dry matter production in lAA above that in the check medium was 
anticipated. Excised roots grown in the presence of IAÀ were shown to 
increase in diameter because of increased cell division in the pericy-
cle (Goldacre, 1959) and increased cell size in the cortex (Burstrom, 
1942). White oak roots responded in a like manner. With the increase 
in radial growth the dry weight per mm of root was expected to be 
greater. 
Results of the initial exudate study, exudates added prior to root 
transfer, indicate that exudates from the mycorrhizal fungi retard root 
elongation-. Length increase in the exudates of T. personatum and R. 
amygdaloides compared as a group was significantly less than the increase 
in each of the other treatments. It has been pointed out that root 
growth in the T, personatum exudate was substantially less than in the 
R. amygdaloides exudate. The significant difference from the other 
fungal exudates may be due mainly to the reduced growth in the 
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T. personaturn exudate. Therefore a generalization on the effect of exu­
dates of mycorrhizal fungi on growth of excised white oak roots must be 
reserved. 
A pronounced difference in fungal growth was observed between these 
two fungi. The T. personaturn isolate grew rapidly and a complete hyphal 
mat was formed on the surface of the medium. Growth of R. amygdaloides 
was much slower and approximately one-fourth of the medium's surface 
area was covered in the thirty day incubation period. If root inhibition 
by the mycorrhizal fungi is a concentration related mechanism, this dif­
ference in fungal growth would explain the root inhibition difference. 
The influence of the fungal exudates on root elongation when added 
after one week of root growth was quite different. Length increase in 
the T. personatum exudate was less than that in the R. amygdaloides 
exudate but combined growth in these two was not significantly less than 
in each of the other treatments. Growth in the R. amygdaloides exudate 
was superior to that in exudates of Ç. graniforme and P. cinnabarinus. 
This response to R. amygdaloides cannot be explained. The differences 
between the two experiments imply that the effects of the exudates of 
the mycorrhizal fungi is greater on initial root growth than on subse­
quent growth in culture. Inhibition of root elongation was evident when 
the roots were exposed to the exudates immediately but not when roots 
were allowed to grow free of the exudates for one week. 
Dry matter production in the exudate studies appears to be a reflec­
tion of the glucose added as part of the exudate. In both experiments 
the dry weight of the control roots was less than that in all other 
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treatments. The control treatment contained no glucose. Dry matter 
yield in the T. personatum exudate was approximately equal to that in 
the control medium in the initial study and was greater in the second. 
The low dry weight in this exudate in the initial study could have re­
sulted from a low glucose concentration added with the exudate. Tricho-
loma personatum grew better than any of the other fungi and may have de­
pleted the glucose content of the medium. The failure of a similar res­
ponse to the T. personatum exudate to occur in the second study may 
have resulted from the one week delay in adding the exudates. The dry 
matter production with the exception of graniforme and jP. cinnabarinus 
was greater when the treatments were added before root transfer (Tables 
13 and 15). The response to the glucose appears to be greater when 
present during the time of most active root growth, the first week in 
culture. 
No exudate effects similar to those of lAA were observed. Although 
some inhibition of root elongation occurred in the exudates of the my-
corrhizal fungi, no radial thickening was detected. The internal ana­
tomy of roots in these exudates showed none of the tissue activity ob­
served in the lAA treated roots. 
Growth of roots in the exudate of A. meIlea was not significantly 
different from growth in the control and check media or in exudates of 
Ç. graniforme. a potential mycorrhizal partner, and P. cinnabarinus. a 
wood rotting fungus. Growth was substantially superior to that in the 
exudates of T. personatum and R. amygdaloides in the initial exudate 
study. If inhibition of root elongation is characteristic of the influ­
ence of mycorrhizal fungi the results indicate that A. mellea is not a 
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mycorrhizal partner of white oak. However, culture growth of the fungus 
was extremely slow and it is questionable if any substances were exuded 
in sufficient quantity to affect root growth. The lack of inhibition in 
the exudate of A. meIlea therefore does not completely rule out the my­
corrhizal potential of this organism. No inhibition of root growth was 
detected in the exudate of Ç. graniforme. This fungus grew well in cul­
ture and has been reported as a mycorrhizal partner of oak species 
(Hatch, 1934) and a potential partner of white oak (Trappe, 1962). 
The exudate of A. meIlea produced in the ethanol supplemented 
medium had no detrimental effect on root growth. Rhizomorphs were ini­
tiated by the end of the thirty day incubation period but their total 
growth was limited. The exudate produced in ethanol contrasted sharply 
in color with the exudate of the normal medium. The normal medium was 
essentially colorless and the ethanol medium was an amber color. The 
rhizomorph initials were heavily pigmented. This pigment may have been 
soluble in the medium and caused the color change. This difference could 
also result from a metabolic product other than the pigment. The change 
in growth habit from a pure mycelial type to a mycelial and rhizomorphic 
type indicates a change in metabolism of the fungus. If the metabolic 
products of A, meIlea in the rhizomorphic phase of growth are detrimental 
to growth of white oak roots they were not produced in sufficient quanti­
ty in culture for the effects to be expressed. 
The failure to detect lAA production by any of the fungi studied 
may have resulted from the sensitiveness of the testing technique. The 
Salkowski reagent is sensitive down to a concentration of 0.1 pg of lAA 
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(Ulrich, 1960a). Quantities smaller than this may have been produced in 
culture. It is also possible that tryptophan is a necessary medium sup­
plement for lAA synthesis as demonstrated for other mycorrhizal fungi 
(Ulrich, 1960a). With the exception of T. personatum and Ç. graniforme. 
fungal growth in culture was slow and perhaps a longer period of incuba­
tion is necessary for indoleacetic acid production. 
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SUMMARY 
A buffer system used to adjust the pH of the medium was found to 
inhibit root elongation and lateral root production. The buffering 
process was discontinued and pH of the medium was controlled using HCl 
and NaOH. 
Excised roots of white oak grew well over a wide range of hydrogen 
ion concentrations. No pH was determined as optimum for root growth 
and the unaltered basic medium, which served as one pH level, was used 
in subsequent experiments. 
Indoleacetic acid was inhibitory to root elongation. Radial thicken­
ing of the roots was induced and activity of the pericycle was stimula­
ted, Lateral root initiation was increased but physical appearance of 
the laterals did not occur. The roots may not have been^ in culture long 
enough for the lateral roots to appear or the stimulatory effect of lAA 
was counteracted by an inhibitory effect of ethanol, added as part of 
the lAA solutions. No effect of lAA on lateral root branching was ob­
served. Lateral roots ceased elongating in lAA and increased slightly 
in diameter. , l-- -
Exudates of the two mycorrhizal fungi, Russula amygdaloides and 
Tricholoma personatum caused some inhibition of root elongation. The 
effect of the exudates appeared to be greater \dien present during-the 
first week'of root growth. No other exudate was observed to inhibit 
root elongation. 
No significant differences in lateral root yield occurred among the 
exudates. Dry weight accumulation in the T. personatum exudate was 
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significantly lower than that of the check and other exudates when the 
exudate was present during the first week of root growth. However, this 
effect appeared to be related to the glucose concentration added with 
the exudate. 
The exudate of Armillaria mellea had no inhibitory effect on root 
growth as did the exudates of the mycorrhizal fungi. Root growth in this 
exudate was similar to that in the C. graniforme exudate. This fungus 
is reported to form mycorrhizae with oak species other than white and is 
a potential partner of white oak. The exudate of A. mellea produced in 
the presence of ethanol had no detrimental effect on root growth. Root 
growth in the exudate produced with ethanol and exudate produced without 
ethanol was approximately equal. 
Detection of lAA, synthesis in culture with paper chromatography 
was not successful. Either lAA was not produced or the quantities syn­
thesized were too small to detect. 
That Armillaria mellea is or is not a potential mycorrhizal partner 
of white oak was not determined by this study. In experiments conducted 
under highly artificial conditions, relation of the results to field 
situations must be made with extreme caution and then only if the results 
are very definitive can relationships be made. The influence of mycor­
rhizal fungi on root growth of white oak was not well characterized and 
a comparison of the mycorrhizal fungi with A, mellea cannot be conclu­
sive. 
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APPENDIX 
Table 19. Analysis of variance of length increase in unbuffered and 
buffered media 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 6 3.0 
Media 1 20 20.0 
Error A 2 14 7.0 
Weeks 2 1,345 672.5* 
Media x weeks 2 47 23.5^  
Error B 8 38 4.7 
S^ignificant at the 1 per cent level. 
''significant at the 5 per cent level. 
Table 20, Analysis of variance of length increase in unbuffered and 
buffered media (corrected) 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 6- " 3.0 
Media 1 20 20.OC 
Weeks 2 1,345 672.5* 
Media x weeks 2 47 23.5b 
Error 10 52 5.2 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
S^ignificant at the 10 per cent level. 
o 
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Table 21. Analysis of variance of lateral roots in unbuffered and buf­
fered media 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .0002 .00010 
Media 1 .0055 .00550% 
Error A 2 .0002 .00010 
Weeks 2 .0137 .00685* 
Media x weeks 2 .0071 .00355* 
Error B 8 .0020 .00025 
S^ignificant at the 1 per cent level • 
Significant at the 5 per cent level 
Table 22. Analysis of variance of length increase in six pE levels 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 3 203 67.6 
pH levels 5 22 4.4 
Error A 15 57 3.8 
Weeks 2 8,096 4,048.0* 
pH X weeks 10 39 3.9 
Error B 36 253 7.0 
^Significant at the 1 per cent level. 
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Table 23. Analysis of variance of lateral roots in six pH levels 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 3 .0116 .00386 
pH levels 5 .0025 .00050 
Error A 15 .0070 .00046 
Weeks 2 .1372 .06860* 
pH X weeks . 10 .0021 .00021 
Error B 36 .0153 .00042 
S^ignificant at the 1 per cent level. 
Table 24. Analysis of variance of length increase in lAA treatments 
added prior to root transfer 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 22 11.00 
Treatments (4) (649) 162.25* 
Check vs lAA 1 642 642.00* 
Among lAA (3) (7) 2.33^  
Linear 1 5.09 5.09^  
Dev. from linear 2 1.91 0.95 
Error A 8 6 0.75 
Weeks 2 97 48.50* 
Treat, x weeks 8 230 28.75* 
Error B 20 54 2.70 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
S^ignificant at the 10 per cent level. 
97 
Table 25. Analysis of variance of lateral roots in lAA treatments added 
prior to root transfer 
Source of  ^ Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .0015 .00075 
lAA 4 .0016 .00040 
Error A 8 .0024 .00030 
Weeks 2 .0055 .00275* 
lAA X weeks 8 .0022 .00027 
Error B 20 .0052 .00026 
S^ignificant at the 1 per cent level. 
Table 26. Analysis of variance of dry weight in lAA treatments added 
prior to root transfer 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 00
 
.0740 
Treatments : (4) (.161) .0425* 
Check vs lAA 1 .149 .1490* 
Among lAA 3 .012 .0040 
Error 8 .030 .0037 
S^ignificant at the 1 per cent level. 
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Table 27. Analysis of variance of length increase in lAA treatments 
added after one week of root growth 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 2 0.4 0.20 
Treatments (4) (209.0) 52.25* 
Check vs lAA 1 208.0 208.00® 
Among lAA 3 1.0 0.33 
Error A 8 3.6 0.45 
Weeks 1 8.0 8.00^  
Treat. x weeks 4 11.0 2.75b 
Error B 10 8.0 0.80 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
Table 28. Analysis of variance of lateral roots in lAA 
added after one week of root growth 
treatments 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 2 .0002 .00010 
lAA 4 .0006 .00015 
Error A 8 .0021 .00026 
Weeks 1 .0021 .00210* 
lAA X weeks 4 .0001 .00002 
Error B 10 .0013 .00013 
^Significant at the 1 per cent level. 
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Table 29. Analysis of variance of dry weight in lAA treatments added 
after one week of root growth 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .007 .0035 
Treatments (4) (.025) .0062^  
Check vs lAA 1 .020 .0200* 
Among lAA 3 .005 .0016 
Error 8 .016 .0020 
S^ignificant at the 5 per cent level. 
S^ignificant at the 10 per cent level 
Table 30. Analysis of variance of length increase in fungal exudates 
added prior to root transfer 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 20 10.0 
Exudates 6 150 25.0* 
Error A 12 24 2.0 
Weeks 2 2,729 1,364.5* 
Exd. X weeks 12 121 10.0 
Error B 28 474 16.9 
^Significant at the 1 per cent level. 
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Table 31. Comparisons of length increase among fungal exudates added 
prior to root transfer 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Control vs check 2.000 2.000 
Control and check 
vs 
M31C and PC 
0.277 0.277 
Control and check 
vs 
FYR 20 and FYR 3 
81.000 81.000 
Control and check 
vs 
FYR 19 
4.740 4.740 
FYR 20 and FYR 3 
vs 
M31C and PC 
84.000 84.000 
FYR 20 and FYR 3 
vs 
FYR 19 
26.740 26.740' 
FYR 20 vs FYR 3 37.500 37.500a 
M31C vs PC 0.500 0.500 
Error A 12 24.000 2.000 
S^ignificant at the 1 per cent level. 
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Table 32. Analysis of variance of lateral roots in fungal exudates 
added prior to root transfer 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 
Exudates 
Error A 
Weeks 
Exd. X weeks 
Error B 
2 
6 
12 
2 
12 
28 
.0025 
.0094 
.0133 
.0369 
.0106 
.0191 
.00125 
.00156 
.00110 
.01845= 
.00088 
.00068 
Significant at the 1 per cent level. 
Table 33. Analysis of variance of dry weight in fungal exudates 
added prior to root transfer 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .006 .00300 
Exudates 6 .011 .00183^  
Error 12 .009 .00075 
^Significant at the 10 per cent level. 
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Table 34. Comparisons of dry weight among fungal exudates added prior 
to root transfer 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Control vs check .004873 .004873 
Control and check 
vs 
M31C and PC 
.000033 .000033 
Control and check 
vs 
FYR 20 and FYR 3 
.000018 .000018 
Control and check 
vs 
FYR 19 
.001300 .001300 
FYR 20 and FYR 3 
vs 
M31C and PC 
.000002 .000002 
FYR 20 and FYR 3 
vs 
FYR 19 
.001567 .001567 
FYR 20 vs FYR 3 .003266 .003266' 
M31C vs PC .000541 .000541 
Error 12 .009000 .000750 
a_. Significant at the 5 per cent level. 
S^ignificant at the 10 per cent level. 
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Table 35. Analysis of variance of length increase 
added after one week of root growth 
in fungal exudates 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 2 49 24.5 
Exudates 6 31 5.1% 
Error A 12 26 2.1 
Weeks 1 384 384.0* 
Exd, X weeks 6 22 3.6 
Error B 14 104 7.2 
S^ignificant at the 1 per cent level. 
S^ignificant at the 10 per cent level. 
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Table 36. Comparisons of length increase among fungal exudates added 
after one week-of root growth 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Control vs check 1 6.75 6.75^  
Control and check 
vs 
M31C and PC 
1 13.50 13.50* 
Control and check 
vs 1 2,66 2.66 
FYR 20 and FYR 3 
Control and check 
vs 1 4.69 4.69 
FYR 19 
FYR 20 and FYR 3 
vs 1 4.16 4.16 
M31C and PC 
FYR 20 and FYR 3 
vs 1 , . 0.69 0,69 
FYR 19 
FYR 20 vs FYR 3 1 10.08 10.08* 
M31C vs PC 1 0.08 0.08 
Error A 12 26.00 2.16 
S^ignificant at the 5 per cent level. 
S^ignificant at the 10 per cent level. 
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Table 37. Analysis of variance of lateral roots in fungal exudates 
added after one week of root growth 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 
Exudates 
Error A 
Weeks 
Exd. X weeks 
Error. B 
2 
6 
12 
1 
6 
14 
.0076 
.0006 
.0042 
.0051 
.0012 
.0096 
.00380 
.00010 
.00035 
.00510* 
.00020 
.00068 
Significant at the 5 per cent level. 
Table 38. Analysis of variance of dry weight in fungal exudates added 
after one week of root growth 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .004 .0020 
Exudates 6 .003 .0005 
Error 12 .011 .0009 
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Table 39. Analysis of variance of length increase in exudates of 
A. mellea 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 3 1.5 
Exudates 3 12 4.0 
Error A • 6 17 2.8 
Weeks 2 1,540 770.0* 
Exd. X weeks 6 108 18.0^  
Error B 16 71 4.4 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
Table 40. Analysis of variance of lateral roots in exudates of 
A. mellea 
Source of Degrees of Sum of Mean 
variation freedom squares squares 
Replications 2 .00005 .000025 
Exudates 3 .00084 .000280 
Error A 6 .00186 .000310 
Weeks 2 .02279 .011395® 
Exd. X weeks 6 .00116 .000193 
Error B 16 .00255 .000159 
^Significant at the 1 per cent level. 
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Table 41. Analysis of variance of dry weight in exudates of A, me Ilea 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Replications 
Exudates 
Error 
2 
3 
6 
.0007 
.0015 
.0008 
.00035 
.00050' 
.00013 
Significant at the 10 per cent level. 
Table 42. Orthogonal comparisons of dry weight among exudates of 
A, me Ilea 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
. Mean 
squares 
Treatments (3) (.001500) .000500 a 
Control vs check .000681 .000681' 
Control and check 
vs 1 
Plus and minus EtOH 
.000587 .000587' 
Plus vs minus .000240 .000240 
Error ,000800 .000133 
^Significant at the 10 per cent level. 
